In the present study mono and mixed culture bacterial combinations of Azotobacter were used to inculcate Vigna radiata seeds. In general, bacterial inoculations (mono and mixed cultures) promoted seed germination, early growth parameters, auxin content, soluble protein content, peroxidase and acid phosphatase activity relative to non-inoculated control seedlings. Increase of (23%) as well as decrease (6.8%) in the root length were observed with bacterial inoculations relative to non-inoculated seedlings. About 20.07% enhancements in fresh weight and 62% enhancement in dry weight was observed in case of bacterial inoculations. Among the monoculture Ab-4(A3) induced pronounced growth stimulator effects, mixed culture combinations B6, B7, and B10 showed pronounced synergistic effects relative to respective monocultures, while B2 exhibited negative in majority of the parameters being studied.
INTRODUCTION
A lot of work has been done on plant microbe interaction through which a number of mechanisms enhanced plant growth. Mechanisms implicated to plant growth stimulation include nitrogen fixation (Choudhury and Kennedy, 2004; Kloepper et al., 1989) suppression of plant pathogens (Calvo-Bado et al., 2006) , mineralizaion of organic phosphorous or solubilization of inorganic phosphoric compounds, (Dobbelaere et al., 2003) , phytohormone production (Tsavkelova et al., 2005) , root colonization, antibiotics production, siderophore production and enhanced mineral uptake (Dobbelaere et al., 2003) . Microbial inoculation of soil is required for a number of applications, such as plant growth promotion, inhibition of plant pathogens, and biodegradation of toxic compounds, soil structure improvement and microbial leaching of metals (Van Veen et al., 1997) . In plantmicrobe interaction, root colonization by beneficial bacteria is a fundamental requirement (Bashan and *Corresponding author. E-mail: zaighum09@yahoo.com. Tel: 92-42-35952811 . Fax: 92-42-99230481. Holguin, 1994) . Rhizobacteria may sense and respond to plant signals, exchange nutrients with plant cells, suffer damage due to plant defense responses and colonize or even invade root tissues forming symbiotic association (Miller and Wood, 1996) . Increase in yield of vegetables, forage and grain crops with inoculation of diazotrophic rhizobacteria, has successfully been demonstrated (Bashan, 1998) . Root lectins of leguminous plants are involved in the recognition and subsequent binding to rhizobia (Diaz et al., 1989) . Azotobcter vinelandii produces two polymers: the extra cellular polysaccharide alginate and the intracellular polyester poly-ß-hydro butyrate (PHB) (Castaneda et al., 2000) . Alginate is important for cyst formation in A. vinelandii as a coating protective polysaccharide material (Nunez et al., 1999) . It was suggested that cyst formation and colonization pattern play roles in regulating nitrogenase activity of plants (Katupitiya et al., 1995) . Plant growth promoting bacteria are becoming the attention of agronomist and microbiologist for their positive role in plant development (Defago and Hass, 1990) . The objective of the present study was to evaluate the impact of mono and mixed culture inoculations of Azotobacter strains on the growth (length and weight) and biochemical parameters (auxin content, protein content, peroxides content and acid phosphate content) of V. radiata seedlings.
MATERIALS AND METHODS

Bacterial Strains and growth conditions
Five bacterial strains of Azotobacter (Ab-1, Ab-2, Ab-4, Ab-6) isolated by Aziz (2000) were used for the present work. Bacterial isolates were obtained from rhizosphere (Ab-5 of Coronopus didyma and Ab-6 of Trifolium sp.), rhizoplane (Ab-4 of Rumex dentatus) and histoplane (Ab-1 of Chenopodium morale and Ab-2 of R. dentatus) of different weeds/plants growing in S.S. Farms, Baedian Road, Lahore, Pakistan. Five mono and twenty-six mixed cultures of these five strains were used for inoculating V. radiata seeds. Bacterial strains were grown on L-agar (Tryptone 10.0 g l-l; Yeast extract 5 g l-l, Sodium chloride 5.0 g l-l and agar 12.0 g l-l for solid media (pH 7.0) at 37°C for 24 h.
Germination experiments
Fresh cultures of each strain were resuspended in 10 ml of autoclaved distilled water and then the cell density of these (1.2 OD at 540 nm) bacterial cultures were adjusted to 108 cells ml-1 with the help of spectrophotometer. Healthy seeds of V. radiata var. NM-92 obtained from NARC Islamabad, Pakistan, were surface sterilized by soaking in 0.1% HgC12 solution for 5 min with continuous shaking. After that seeds were washed with sterilized distilled water thrice. Sterilized seeds were then soaked in bacterial suspensions (monoculture and mixed culture suspensions) with the help of sterilized forceps for about 15 to 20 min. 10 ml of autoclaved distilled water was poured in labeled petriplate (lined with double layer of Whattman filter paper No. 1 autoclaved and oven dried). With the help of sterilized forceps, seeds (control as well as inoculated) were spread in the respective labeled petri plate (15 seeds of V. radiata per Petri plate) uniformly.
Petri plates were kept in dark at 25 ± 1°C for germination. Germination was recorded daily. After germination, plates were shifted to light (10D lux and 16 h day length) at 25 ± 1°C after adding 10 ml of Hewitt nutrient solution in each plate (Hewitts, 1963) . Seedlings were grown for 10 days after shifting to light. Experiment was repeated eight times. Seedlings were removed from the Petri plates. Different growth parameters (germination, root length, shoot length, seedling length, number of leaves and number of roots) were studied. Fresh weight, dry weight and dry weight per gram fresh weight of each treatment was taken in grams.
Biochemical analysis
For biochemical analysis auxin (Mahadevan, 1984) , soluble protein (Bhatti et al., 1993; Lowry et al., 1951) , peroxidase (David and Murry, 1965) and acid phosphatases content (Iqbal and Rafique, 1987) were studied. Following Mahadevan (1984) auxin was extracted from shoots of plant material which was crushed in 2 ml of ethyl ether and centrifuge to get supernatant. The supernatant was mixed with 1 ml of 5% sodium bicarbonate, shaken and sodium bicarbonate layer was acidified to pH 3 with HCl (6 N). 1 ml of ethyl ether and 2 ml of Salkowski's reagent was added in each test tube. This material was kept in the dark at room temperature for 30 min for color development. Auxin content was estimated with spectrophotometer at 535 nm. Bhatti et al. (1993) method was used for soluble proteins extraction. Plant material was crushed in phosphate buffer (0.1 M pH 7.0) at a ratio of 1: 4 (w/v). Then centrifuged (14,000 rpm for 10 min at 4°C) and the supernatant (0.4 ml) was mixed with 2 ml of Folin's mixture and put at room temperature for 15 min. Then, 0.2 ml of Folin and Ciocalteu's phenol reagent was added, mixed and placed for 45 min at room temperature for the color development. Protein content was estimated at 750 nm and was calculated using standard curve.
Statistical analysis
Data obtained was analyzed statistically following Steel and Torrie (1981) . Least significant difference was also calculated.
RESULTS
Five bacterial strains of Azotobacter isolated by Aziz (2000) were used for plant microbes' interaction study. Besides these five monocultures, twenty six mixed cultures of all possible combinations of these strains were used to determine their role in stimulating the germination and early growth of V. radiata.
In majority of cases, bacterial inoculations provoked germination from 0.15% in C¬1 to 4.7 in A¬1, A¬2, A¬3, A¬4, A¬5, B¬7, C ¬3, C ¬5, and D¬5 as compared to non-inoculated seedlings. In few cases bacterial inoculations (D4, E1, C¬10, C¬2, B¬1, B¬9, and C¬4) had inhibitory effects on germination (Table 2) . Shoot lengths were markedly increased with the inoculation of Azotobacter strains (monocultures) and their combinations as compared to the control (non-inoculated seedlings). Percentage increase varied between 6.748% in D4 (mixed culture combination) to 17.938% in A3 (monoculture) ( Table 2 ). Root lengths of inoculated seedlings were markedly increased (except E1, D¬3 and C3 mixed cultures, which cause reduction in the root length to 6.835, 3.948 and 3.297%, respectively (Table  2) . Seedling lengths of V. radiata were enhanced significantly with the bacterial inoculations except E1 as compared to control. Increase in seedling lengths varied from 4.037% in C3 (mixed culture combination inoculation) to 20.066% in A3 (monoculture) ( Table 2) . Number of leaves and the number of roots was not affected by the bacterial inoculations as compared to non-inoculated seedlings. Bacterial inoculations affected differently to weight parameter. Most of the inoculations caused decrease in dry weight per gram fresh weight of seedlings as compared to non-inoculated (Table 2) . Increase was 11.167% in A2 and 0.941% in D1. Maximum reduction was manifested with the inoculation of A1 (41.279%) and minimum reduction was recorded with the inoculation of D5 (8.544%).
Auxin content of V. radiata seedlings was enhanced with the bacterial inoculations except B¬3, D¬4, E1, B¬6 and C4 inoculations which caused 33.571, 26.588, 9.396, 8.026 and 5.916% reductions, respectively. Mixed culture combinations C¬3, C¬8, C10 and D¬1 showed synergistic stimulation in the auxin content of V. radiate seedlings (Table 3 ). All the bacterial inoculations caused significant increase in the protein content of the seedlings. Maximum increase was observed with A¬3 (78.571%) inoculation among the monoculture inoculations whereas relatively more increase was observed with D5(137.50%) inoculation among the mixed culture inoculations when compared to the control (Table 3 ). In V. radiata, all the bacterial inoculations stimulated the activity of peroxidase significantly relative to non-inoculated seedlings. Maximum increase was observed was observed with B¬3 inoculation (520.437%) among the mixed culture inoculations and with A4 inoculation (241.73%) among the monoculture inoculations (Table 3) . Acid phosphatase activity of inoculated seedlings Increased significantly (3.23 to 95.732%) with the exception of E1, C4, D5, B1, B¬10, D¬2 and B5 where 32.530, 26.680, 20.280, 14.217, 13.475, 12 .792 and 3.290% decreases were recorded, respectively (Table 3) .
DISCUSSION
Growth promoting bacteria improved plant growth by decomposing mineral material and making availability of nutrients to plants (Dobbelaere et al., 2003) , synthesizing and liberating growth hormones (Tsavkelova et al., 2005) and reducing the susceptibility to pathogens (Calvo-Bado et al., 2006) . Growth stimulating bacteria especially Rhizobia, Sinorhizobium meliloti and Azotobacter species have been reported to increase the yield and nitrogen content of plants (Khalid et al., 2004) . Growth improvement depends on plant bacterium association. Growth promoting bacteria induce direct plant promotion, biological control and systemic resistance in host plants (Zheng et al., 2000) . In the present study bacterial strains showed significant stimulation in germinations and early growth parameters studied and thus improved the growth in majority of cases when compared to control. In general, A3 caused maximum enchantment in seedling growth and among the mixed cultures B10 stimulated seedling growth relative to control. Inoculations with bacterial cultures A1 (Ab-1) and B1 manifested maximum increase in fresh weights of V. radiata seedlings relative to non inoculated seedlings. Maximum enhancement in dry weight of seedlings was caused by the inoculations of A3 and D1 when compared with non inoculated treatment. Reduction in dry weight per gram fresh weight of seedlings occurred with all the bacterial inoculations except with D1 which enhanced this parameter when compared with control. According to Bashan and Levanony (1990) Azospirillum strains could increase the water status of plants. Increased dry weights and plant height are also reported by Bashan et al. (2000) when inoculated with mixtures of mangrove rhizosphere bacteria and halotolerant Azospirillum spp. Enhanced weights could be attributed to the accumulation of salts and nutrients, enhanced ion uptake and increased level of organic salts in cytoplasm (Sudhakar et al., 1993) . Growth stimulation by bacterial inoculations is indicated by improved seeding length coupled with increased dry weight. Decrease in dry weight parameter might be due to unavailability or uptake of ions and formation of ligands or organic complexes, thus, restricting the bioavailability of these ions in the medium (Hughes and Poole, 1989) . Alami et al. (2000) studied that inoculation effects of Rhizobium strain (isolated from rhizoplane of sunflower roots) on sunflower seeds, which caused increase in shoot and root dry mass under water stress and normal condition. Auxins constitute a class of phytohormones that play important roles in the coordination of plant growth and develop-ment. Bacterial inoculations increased auxin content of seedlings markedly relative to control. However, inocula-tions with B3, E1 caused reduction in the auxin content. According to Campbell (1985) , the bacterial strains stimulate plant growth by synthesizing and liberating growth hormones. Although, IAA biosynthesis in these bacteria have been shown to occur through different biosynthetic pathways. Thus, the most important mechanism of direct growth promotion may be the production of plant growth regulators (Arshad and Frankenbergrer, 1998) . Inoculations (mono and mixed culture treatments) promoted protein content of the seedlings significantly. Auxin and protein both are formed from tryptophan molecules with different arrangements. Hence, the amount of protein content is directly related with auxin content as auxin increase the rate of metabolism thus, increasing the amount of protein content. Bacterial inoculations also promoted peroxidase content of seedlings relative to control. Maximum increase was observed with the inoculation of B3 and A4. Two enzymes, acid phosphatase and peroxidase, were studied in this respect. Catlase and peroxidase, both enzymic systems, protect the cells from free oxy radicals. Catalase mediates the cleavage of H 2 O 2 evolving O 2 (Scandalios, 1993) and peroxidase reduces H 2 O 2 to H 2 O using several reductants available to the cells (Foyer et al., 1994) . Plant peroxidases, a ubiquitous class of protein, are involved in several different physiological functions including wound healing, biosynthesis of cell walls and growth regulation (Zheng and Van Hyystee, 1992) . The phosphatases are a diverse class of enzymes. The enzyme activity increases with increasing cell number and cell content in early stages and decreases with maturation (Ching et al., 1984) . Generally, monoculture inoculations provoked germinations and early growth parameters along with auxin, protein, peroxidase and acid phosphatases contents more effectively than their mixed culture inoculations. One reason may be that bacteria from different sources interfere in the efficiency of one another. Whereas in some cases show positive interaction and enhance the activity of one another, thus their association is beneficial for plant growth.
